A population based cohort of 144 children weighing less than 2000 g who were without major handicap, and a random control sample of 163 children born at term and weighing over 3000 g were investigated. The aim was to assess the relative importance for cognitive development at 5 years of age, of birthweight, parental demographic factors, and factors related to the environment in which the child was reared. The mean non-verbal IQ was 6 1 points lower (95% CI, 2-3 to 10) for the low birthweight (LBW) group, but the difference was reduced to 4-8 points (95% CI, 1.1 to 8.5) after adjusting for confounding parental demographic and childrearing factors. The verbal IQ was similar for the two groups after such adjustment. Paternal education was the main confounding variable, and demographic factors such as parental education and family income were much stronger predictors of child IQ than birthweight or factors related to the childrearing environment.
1.1 to 8.5) after adjusting for confounding parental demographic and childrearing factors. The verbal IQ was similar for the two groups after such adjustment. Paternal education was the main confounding variable, and demographic factors such as parental education and family income were much stronger predictors of child IQ than birthweight or factors related to the childrearing environment.
There was no evidence that the cognitive development of low birthweight children was more sensitive to a nonoptimal childrearing environment than that of normal birthweight children. These findings indicate that the risk of impaired cognitive development increases with decreasing socioeconomic status, and that this risk is much larger than, and independent of, the small risk attributable to low birthweight. IQ is often used to measure impaired neurological development in low birthweight children because it is easy to quantify and can be used across cultures.' Behavioural problems and learning disabilities may, however, be more sensitive measures. Major disabilities, such as cerebral palsy, can be diagnosed in the first two years of life, but follow up into preschool or school age is necessary to assess children's IQ effectively.2 At that age, low birthweight children without major handicaps have been found to have significantly lower mean IQ than controls.' However, several authors have found that low birthweight is associated with indicators of low socioeconomic status, which in itself is a strong determinant of children's IQ.3-13 Therefore, the negative impact of low birthweight per se on children's cognitive development may be overestimated because of confounding parental factors. Furthermore, several investigators have proposed the existence of an interaction between biological risk and environmental effects, such that children of low birthweight are particularly vulnerable to non-optimal environmental factors.12 14 15 Child cognitive development is a complex process incorporating hereditary and constitutional factors ('nature'), factors related to the quality of care taking ('nurture'), and complex interactions between them.3 13 14 16-18 Many studies have implied that the predictive importance of socioeconomic status for child cognitive development is an effect of the child rearing environment alone."I 12 19 The effect is more likely to be a combination of both .'nature' and 'nurture'.3 16 20 Furthermore, medical and social risk factors for giving birth to low birthweight infants vary according to health, economic, and possibly cultural characteristics. 5 This may imply that factors applicable to disadvantaged populations may be less relevant in affluent societies.
Two basic strategies are available to counter the problem of confounding in follow up studies of low birthweight infants: one uses matched controls. The drawback of this method is that it is impossible to know what socioeconomic or parental factors to match for prospectively in the population. The second approach is to control for confounding during analysis by stratification or multivariate techniques. These methods have the advantage that a wide range of potential parental confounding variables can be assessed, and those that prove significant can be controlled for in the analysis.
This study involves children from a geographically defined region in a relatively affluent society. The aim was to: (i) estimate the magnitude of IQ reduction in low compared with normal birthweight preschoolers while controlling for a wide range of parental factors; (ii) evaluate if the predictive parental factors for child preschool verbal and nonverbal IQ are mainly socioeconomic and demographic, or related to childrearing and maternal wellbeing; (iii) test the hypothesis that the negative impact of low socioeconomic status for preschool cognitive development is greater for low birthweight children.
Method
All surviving children weighing less than 2000 g born in the county of Hordaland, Norway, between 1 April 1986 and 8 August 1988 2Six of these children died before 5 years of age.
3Nine had spastic diplegia, 1 had spastic hemiplegia and 2 had spastic quadriplegia. 4Infants without cerebral palsy (by 2 years of age), deafness, chromosomal aberration, or multiple malformation. 5Per cent calculated from the number of intact survivors. *Data are presented as the number of cases (per cent of total livebom).
formed the basis for the study ( questionnaire a statement about an aspect of childrearing is given and the mother is asked to rate the items on a Likert scale from 'Strongly disagree'= 1 to 'Strongly agree'=6. Dekovic et al reported that parental self-reporting using the CRPR corresponded with actual parental behaviour with their child.27 As childrearing attitudes are highly culture dependent, it has been recommended that factor analyses are undertaken, rather than depending on previously published scale constructs.24 Therefore, we performed factor analysis including both study and control groups, to reduce the number of variables. We undertook (14) 101 ( Maternal satisfaction with social support network, including family, friends, and community support, was evaluated using the Inventory of Parents' Experiences (IPE). 29 The authors of the inventory supplied a version which was modified to apply to 5 year old children. Total score was used in the analysis because it has been shown to possess better psychometric properties than subscale scores. 30 We evaluated maternal psychological distress, such as depression, anxiety, and psychosomatic symptoms, using a Norwegian translation of the Symptom Check List Revised (SCL-90-R).3' The total score (Global Stress Index) was used rather than subscale scores, as this has proved more reliable.3'
As previous research has indicated that PIQ has a stronger association with biological factors and VIQ with environmental factors in this age group, PIQ and VIQ were analysed separately rather than using FIQ in the main analyses.20 32 To facilitate interpretation of the analyses, the maternal Raven score, childrearing factor scores, maternal social support score and maternal psychological distress score were ztransformed to yield standardised variables with means of 0 and standard deviations (SD) of 1.
STATISTICAL ANALYSIS
Firstly, mean group differences for the predictor and outcome variables were compared using t tests, and differences in proportions using the x2 test (table 3) .
Secondly, the predictor variables presented in table 3 were subjected to hierarchical stepwise multiple linear regression analyses with child PIQ as the dependent variable. Cases with missing data on any of the variables included in the model were excluded from the analysis. In the stepwise procedure we used standard criteria for entry and removal of variables with probability levels of P=0 05 entry and P=0 10 for removal. To assess the crude correlation between child birthweight (entered as a 0-1=dummy variable, O=low birthweight, 1 =normal birthweight) and child PIQ, this variable was entered in Block 1.
Next, to assess the predictive significance of child birthweight while controlling for various socioeconomic and demographic variables, paternal education, maternal education, maternal Raven score, maternal smoking during pregnancy, and single parent family status were subjected to analysis in Block 2 using a stepwise procedure for selection of variables. Lastly, in Block 3, variables pertaining more specifically to the quality of the childrearing environment -namely, childrearing style, maternal social support, and maternal psychological distress -were entered in a similar manner. Identical procedures were repeated with child VIQ as the dependent variable.
Thirdly, we investigated interactional effects for the strongest parental and family predictors of child PIQ from the multiple regression analyses. A new variable, the product of a parental variable and the birthweight group status variable, was computed. This variable, the parental variable, and birthweight group status variables were forcibly entered into a multiple regression analysis with child PIQ as the dependent variable. The procedure was repeated for VIQ. Similar procedures were repeated using the other strong parental and family predictor variables. 
Low birthweight v control group, child sex, paternal education, matemal education, maternal Raven score, single parent family status, maternal smoking during pregnancy, the four childrearing practices factor variables (nurturance, restrictiveness, pampering and individuation), matemal psychological distress and maternal social support were subjected to the analysis as independent variables. The independent variables in the table were those that made significant independent contributions to explaining variance in child IQ. B is the unstandardised regression coefficient.
Results
One hundred and forty four of 174 (83%) eligible low birthweight children (table 1) and 163 of the 170 (96%) eligible control children were examined at 5 years of age. For four of the 60 (7%) firstborn control children, second alternatives had to be used. Of the other control children, four moved out of the region and three refused to participate. Seventy four of these 144 (51 %) low birthweight children and 89 of the 163 (55%) control children were boys. Mean birthweight of the low birthweight children was 1555 g (SD 368 g) and mean gestational age 32 weeks (SD 3 weeks). Pregnancy and perinatal data are presented in table 2. There were no significant differences between eligible infants who were assessed (n= 144) and those who were not assessed at 5 years of age (n=30) regarding mean birthweight (1560 g and 1573 g, respectively), mean gestational age (32-2 and 32-8 weeks, respectively), or any other pregnancy, birth and neonatal variable, except that there were significantly fewer twins (P=0 04) and more children had been intubated in the delivery room (P=0 003) among those who were assessed. The mean corrected age at assessment was 61d1 months (SD 1 5 months) for the low birthweight children and 60-6 months (SD 0-8 months) for the controls. One hundred and thirty five of the 144 low birthweight, and 162 of the 163 control children, completed audiometry; the rest refused. Fourteen children had hearing deficits of 40 decibels or more at 1000 and/or 2000 Hz in both ears. Seven of the children were low birthweight and seven controls. Recurrent otitis media was the dominant cause of the hearing loss. However, these children did not have lower mean verbal or performance IQ than the rest of the children and were therefore retained for analysis.
One hundred and thirty (90%) of the low birthweight and 149 (91%) of the control mothers completed the Raven test. In the remaining cases the father accompanied the child or the mother refused. One hundred and thirty two (92%) mothers of low birthweight children and 156 (96%) control mothers completed the IPE, while 130 (90%) of the mothers of low birthweight children and 158 (97%) of the control mothers completed the SCL-90-R. One hundred and thirty two (92%) mothers of low birthweight children and 158 (94%) control mothers completed the CRPR. The principal components analysis of this questionnaire indicated that Eigen values started levelling off after four factors, at an Eigen value of 1-7. As this number of factors yielded factors that could be interpreted meaningfully, a four-factor model was chosen. From the contents of the items with high factor loadings on the different factors, the four factors were labelled nurturance, restrictiveness, pampering, and individuation. The items with high factor loadings on nurturance reflected a loving and supportive maternal attitude. Those with high factor loadings on restrictiveness reflected respect, control of one's feelings, and physical punishment. Items with high factor loadings on pampering reflected a pampering, overprotective, inconsistent rearing style. Items with high loadings on individuation reflected attitudes such as well defined rules, letting the child know when the mother was angry, and acknowledging the need for parents to have time for themselves.
Compared with the normal birthweight children, the low birthweight children were more often raised in single parent families, their fathers had less education, the mean monthly family income was lower, maternal smoking during pregnancy was more common, and maternal psychological distress was somewhat higher (table 3) . The low birthweight families were comparable to the control families regarding length of maternal education, maternal Raven score, childrearing practices and maternal social support (table 3) . Mean unadjusted FIQ and PIQ were 7 points, and VIQ 5 points lower, for the low birthweight than for the control group (table  3) . There were no significant differences in mean IQ between children with birthweights of less than 1500 g (n=52) and those between 1500 and 2000 g (n=92). Mean (SD) FIQ was 98 (16) In the hierarchical stepwise multiple linear regression analysis the low birthweight children had a mean PIQ 6 1 points (95% CI, 2-3 to 10, P=0-002) below that of the normal birthweight children (Block 1, table 4 
One standard deviation of the z-score for maternal Raven score corresponded to about 15 IQ points if maternal Raven score had been transformed to a standard IQ score. Using the unstandardised regression coefficient (B in table 4) for maternal Raven score, this means that an increase in maternal IQ of 15 points corresponded to an increase in child PIQ of 3 7 points. Similarly, for paternal education one year of additional education corresponded to a 1-3 point higher mean child PIQ score.
Similar reasoning applies to the multiple regression analyses with VIQ as the dependent variable (table 4) . Mean verbal IQ was 3-5 IQ points (95% CI, 0-2 to 6-8, P=0 04) lower for the low birthweight children than for controls, but this difference was rendered non-significant (P=026) when parental factors were controlled for. Socioeconomic and demographic variables (parental education and income) were the main predictors of child verbal IQ explaining 25% of the variance, but childrearing factors (individuation and restrictiveness) also contributed significantly and explained an additional 3%.
Monthly family income was a significant predictor of child VIQ but not PIQ (table 4) ; but this item was left unanswered by 35 of 144 parents of low birthweight children and 21 of 163 control parents. The multivariate analyses for VIQ were therefore performed on a smaller sample. When the analyses were repeated without the income variable, the results were essentially the same, except that the model explained 5% less of the variance in child VIQ and the predictive strength of the paternal education variable was increased somewhat.
An identical regression analysis to those in table 4 was performed with child FIQ as the dependent variable. In this analysis 23% of the variance in child FIQ could be attributed to parental and family variables and an additional 2% to birthweight status. For those with birthweights of less than 1500 g, the corresponding figures were 22% and 1%.
No significant interaction effects were found for any of the investigated parental predictor variables for either PIQ or VIQ. However, there was a tendency towards a larger deficit in PIQ for the low birthweight children when paternal education was high, as mean PIQ was only significantly lower for the low birthweight children when paternal education was 12 years or longer (figure).
Discussion
The present study was population based, and demographic characteristics of the population, such as average income and proportion of urban v rural residence, are similar to those of Norway as a whole. The distribution of birthweights and prevalence of malformations and chromosomal aberrations in the low birthweight group studied were also representative. 33 The results are therefore representative for Norway and probably for other relatively homogeneous and affluent societies.
Parents of low birthweight children in our study were disadvantaged compared with the parents of normal birthweight children with regard to parental variables related to socioeconomic status. This is similar to reports from countries with a higher proportion of residents of low socioeconomic status. " 1 34 However, the differences were small and limited to only some of the variables studied. The fathers had less education, the families had lower income, the parents were more often single, maternal smoking during pregnancy was more common and the mothers more often experienced psychological distress. The two groups were similar with regard to maternal education, social support, and Raven score, and childrearing practices. Controlling for the confounding effect of paternal education and family income, the crude mean performance IQ difference of 6-1 in favour of the controls was reduced to 4-8, and in the multivariate analysis only 2% of the explained variance in performance IQ was attributable to birthweight while 13% was attributable to parental factors. For verbal IQ, the 3-5 point higher mean value for the control children was rendered non-significant after controlling for parental factors. These findings indicate that impaired preschool cognitive development attributable to low birthweight per se is small when confounding parental factors are adequately controlled for. Furthermore, in this relatively affluent society, parental education and problem solving abilities were much stronger predictors of child preschool IQ than childrearing and maternal wellbeing factors. Our findings also lend support to previous research indicating that performance IQ may be more determined by 'nature' (low birthweight, hereditary factors), while verbal IQ may be more determined by 'nurture' as family income and childrearing factors were stronger predictors of verbal IQ."I 20 [35] [36] [37] Other recent studies have reported a larger IQ deficit attributable to low birthweight or very low birthweight (very low birthweight, birthweight of less than 1500 g).34 38 In a recent large population based British study the mean IQ at 8 years was 8-8 points lower for children with birthweights of less than 2000 g compared with controls matched for sex and class in school.34 However, important parental data were missing for 30-40% of the families. Our results included more complete data and more variables associated with parental factors, suggesting that the IQ difference related to low birthweight per se may have been overestimated in previous studies.
Hack et al reported that the mean 8 year performance and verbal IQ was 4 points lower in very low birthweight children than normal birthweight controls.'0 Maternal education, race, and marital status were similar for the two groups, but a risk score computed from these three variables accounted for 31% of the variance in full scale IQ in the combined group of very low birthweight and control children, while only 2% of the variance could be attributed to birthweight status.10 Paternal education was not assessed. These findings are similar to those of the present study, where the corresponding figures for children with birthweights of less than 1500 g and controls were 22% and 1%, respectively. In a study of 3 year old children from New Orleans, mean maternal IQ was 81 and child McCarthy IQ was 89 in the very low birthweight group compared to 102 and 107, respectively, in the control group."1 The difference in child IQ was substantially reduced, and the difference for receptive language was rendered non-significant after controlling for maternal IQ and socioeconomic status. Contrary to our findings, the mean maternal IQ was much lower for the very low birthweight group, illustrating that the significant parental confounding factors may not be the same for all societies.
A main finding of the present study is the dominant role of parental factors related to socioeconomic status over assessable childrearing and maternal welibeing variables in predicting child preschool IQ. Sameroff and Seifer similarly concluded that socioeconomic factors (occupation, education, and race) were more important than variables assessing maternal mental illness, childrearing perspectives, and family stress in predicting child verbal IQ at 4 years of age. in the childrearing environment which are important for cognitive development were not adequately expressed in the variables used to assess such factors in the present study. Because 85% of the variance in performance IQ and 72% of the variance in verbal IQ remained unexplained, the findings are compatible with such an explanation. Child cognitive development is more likely to be the result of complex processes involving both hereditary and environmental factors and the interactions between them. 39 Hereditary mechanisms are probably important in affluent societies, while negative childrearing effects associated with social risk are more important in poor societies. Whatever the mechanism, the important point we have demonstrated is that parental factors, especially education and income, are strong predictors of child cognitive development, and that even small group differences for such factors may influence and confound group differences in child IQ. The common practice of simply matching or controlling for socioeconomic status on the basis of paternal occupation may therefore result in an overestimation of cognitive impairment caused by low birthweight or other similar risk factors. Many previous studies have included maternal rather than paternal education, presumably because mothers generally spend much more time with their preschool children than fathers do. Such an approach disregards the possibility of a hereditary component expressed in parental education variables. In the present study such a limitation would have overestimated the negative impact of low birthweight on child IQ as paternal and not maternal education was the important confounding variable. Our interpretation of this finding is that men, even in a society of relatively equal opportunity as Norway, are more likely to complete an education according to their intellectual potential than women who have children.
It has been claimed that the negative impact on cognitive development of a poor socioeconomic setting is greater for low birthweight than for normal birthweight children.'2 A suggested explanation for this 'double hazard' is that the cognitive development of children with a biologically damaged brain is particularly vulnerable to non-optimal rearing.'2 Such an effect has been demonstrated in normal birthweight infants showing abnormal neurological development at 8 months of age.'4 However, the interactional effect was small compared with the much larger effect of socioeconomic status. One of the most cited studies in support of a 'double hazard' in children of low birthweight only demonstrated a strong negative effect of low socioeconomic status on child IQ.12
Additional risks attributable to low birthweight or other biological factors were not investigated as the study did not include controls of normal birthweight. In our study there were no significant interactions between birthweight and parental factors, indicating that the preschool cognitive development of low birthweight children is no more vulnerable to a non-optimal socioeconomic setting than that of normal birthweight children. In fact, the difference in performance IQ tended to be larger if the parents had good, rather than poor education.
Hack et al similarly reported that the negative effect of very low birthweight on IQ at 8 years of age was larger when social risk was low rather than high.'0 Our study indicates that low socioeconomic status and low birthweight are independently and cumulatively associated with impaired cognitive development, and that the degree of impairment attributable to low birthweight is comparable, regardless of socioeconomic status and childrearing quality.'0 Together with the study of Hack et al, it may even suggest that the qualities associated with a good socioeconomic setting may encourage optimal cognitive development for any child and disclose biological limitations, such as minor cerebral malfunction associated with being born prematurely.
Judged from the small difference in IQ attributable to low birthweight and the much larger impact of parental factors on cognitive development in children without major neurodevelopmental handicaps, it may be more important to establish programmes which identify the needs of deprived children in general, rather than to focus on low birthweight. However, an IQ score, even as late as 5 years, may lack the necessary sensitivity to identify children at risk of impaired neurological development, and a broader range of outcome measures, including child behaviour and personality, may need to be assessed before such conclusions can be drawn.
